INTRODUCTION
With the development of economic construction, by 2020, there will be more than a hundred large scale bridges are built in China. In the construction process of the large span bridges, most of them are constructed and piece together directly in the bridge waterway, therefore, many operations are involved in the construction technology of bridge pier, such as the construction, towing and positioning of open caisson, etc. The most complex and challenging operation is the towing operation of the open caisson, which mainly influenced by its own scale, stress characteristics, external environments, towing force and other factors. As a general rule, the open caisson have no sailing power with their own, they need the external assistance to keep their sailing, so a certain number of tugs are required during the towing operation of the open caisson. In consideration of the complexity and risk in towing operation, we have to fully research the resistance of the open caisson in towing operation, and equipped with sufficient tug horsepower. In recent years, there are also some studies on the resistance of caissons have been carried out.
Chen et al. [1] . (2008) conduct model test research on mechanical characteristics in the process of open caisson foundation sinking into water with current influence, and to take in the norms of the corresponding flow drag coefficient were discussed.
Xu et al. [2] (2009) use the calculation fluid software FLUENT to calculate the value of viscous resistance of square steel caisson under the different current speed, and by comparing the calculating results obtained from FLUEN with that from empirical formula, it's shown that the *Address correspondence to this author at the Merchant Marine College, Shanghai Maritime University, Shanghai, China; E-mail: 165549306@qq.com formula, regarding only the outer wall of the caisson as the water-breaking area, is not justified.
Hu et al. [3] . (2013) research the resistance and drag coefficient of immersed tunnel element under the combined effect of different flow rates, different directions and different draft by the physical model test. Obtain the resistance characteristics of immersed tunnel element for different water environment.
Zhang et al. [4] . (2013) research the resistance of caissons based on the extended development of the general CFD software FLUENT, regular head wave series is numerically simulated and the resistance in the wave is computed with close attention paid to the effects of the inner fluid sloshing against the caisson resistance in the wave, the results show that the inner fluid sloshing can not be neglected, otherwise it can overcast the wave effects.
Thus it can be seen that those scholars conduct the resistance problem based on mathematic model or physical model separately, in this paper combined the physical model and the resistance similarity transformation model to calculate the real resistance of the open caisson at a higher accurate calculating result.
DESCRIPTION OF THE PROBLEM
In order to fully understand the resistance of the open caisson in towing operation, and make sure the comprehensiveness and integrity of the test, we design the test method for towing resistance of the open caisson in the ship model experimental tank, that is the tank trailer fixed towing method, The design principle of the physical model is let it well fixed on the trailer, and then install the force cell, making the towing velocity under the corresponding conditions, detecting and recording the model force data in real time. There are two kinds of test model, one is towing straight by constant speed, as shown in Fig. (1) , and the other one is towing transversely by constant speed, as shown in 
THE PHYSICAL MODEL OF THE OPEN
In the physical model test, we should select the type of model firstly according to the mission and purpose of the experiment. After the theoretical analysis to the research object, based on the analysis of similarity for equation method and dimension analysis method, to determine the similarity constant geometry and a geometry model, eventually extended the model test results to the prototype object [5] . Then calibrate the parameters of physical model through the analysis of historical data, [6] . The goal of calibration is to seek the most satisfactory model and the optimal parameter in objective system, which needs to take the effect of various factors of model designing process in the physical model test into comprehensive consideration.
Ship model test of domestic and international shows that, the ship model tank test designed usually requires the ship length more than 2m [7] . The open caisson used in this paper is different form the ship model ordinary of streamlined shape features. Which is actually closer to upper and lower opening box, and need to get a relatively stable and balanced flow effect in the tank, but the towing speed requirements are relatively weakening. According to the main scale of the real open caisson ( Fig. (3), Fig.  (4) . The open caisson is composed of 24 holes, 12 of them are sealed on top and inject compressed air to provide enough buoyancy. 
R E T R A C T E D A R T I C L E

THE PHYSICAL MODEL TEST OF OPEN CAISSON
Test Equipment Layout and Installation
The related basic testing tools and auxiliary tools include force cell fixed on trailer, Wireless data acquisition and data acquisition software, etc.
The force cell is installed in the tank Trailer, as shown in Fig. (5) , the test object is fixed in the back of tank trailer, and then the force cell is working. The working pattern is dragging the object in different speed, collect 3 kinds of force data. The data acquisition software has wireless data acquisition unit, as shown in Fig. (6) , It can carry out real time data acquisition upon the nodes of all sensors on the access network, the frequency of data collection can be set according to the requirements of the experiment. 
Constant Speed Straight Test in the Hydrostatic Water
This experiment led the open caisson model navigating in the tank under the speed of 0.1m/s, 0.2m/s, 0.3m/s, and resistance of open caisson model during the test be recorded under different speed, the experimental data is available in Fig.  (7-9) .
Constant Speed Transverse Test in the Hydrostatic Water
This experiment led the open caisson model transverse in the tank under the speed of 0.1m/s, 0.2m/s, 0.3m/s, and resistance of open caisson model during the test be recorded under different speed, the experimental data is available in Fig.  (10-12) . Fig. (7) . Resistance at the speed of 0.1m/s in straight test mode.
Fig. (8).
Resistance at the speed of 0.2m/s in straight test mode. Fig. (11) . Resistance at the speed of 0.2m/s in transverse test mode. Fig. (12) . Resistance at the speed of 0.3m/s in transverse test mode.
R E T R A C T E D A R T I C L E
THE MODEL OF RESISTANCE SIMILARITY TRANSFORMATION
All components except the friction resistance, which can be used to considerable friction resistance formula, the other resistance such as viscous resistance, eddy current resistance and so on, usually to be determined by physical model test. According to the test data, on the basis of the similarity theory to calculate the other resistance of the open caisson, plus the frictional resistance on basis of the theory of plate friction, obtain the actual total resistance values in open caisson, the similarity calculating principles are used as follows:
1. Geometric similarity relation [9] :
2. Velocity similarity relation [9] :
3. Total resistance similarity relation [10] :
4. Among them: friction resistance [10] :
5. Basic resistance [11] :
6. Friction resistance coefficient of smooth plate [12] :
7. Subsidized coefficient of roughness [13] :
8. Reynolds number [14] :
The above all kinds of formulae: Table 2 .
According to the similarity conversion formula shows above and the similarity transformation formula, to calculate the actual resistance situation of open caisson. Among them, the calculation process parameters, see Table 3 , the test results in Table 4 , by data conversion, we get the actual open caisson resistance in Table 5 .
According to Table 5 , the open caisson with speed of 3m/s while in constant speed straight test in the hydrostatic water, the average resistance is 1398KN, in constant speed transverse test in the hydrostatic water conditions, the average resistance is 2326KN, and the resistance of transverse mode is larger. 
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